Petrol attendants are exposed to petrol volatile organic compounds (VOCs) which may have genotoxic and carcinogenic effects. The single-cell gel electrophoresis assay (comet assay) is a method highly sensitive to DNA damage induced by environmental and occupational exposure to carcinogenic and mutagenic agents. The aim of this study was to evaluate the level of exposure of petrol attendants to petrol VOCs and also to determine their effect on DNA damage and repair in lymphocytes of African petrol attendants. The exposed group consisted of 20 subjects, randomly selected from three petrol stations. A control group of 20 unexposed subjects was also chosen and matched for age and smoking habits with the exposed group. Sorbent tubes were used to assess personal exposure of petrol attendants. The comet assay was used to investigate the basal DNA damage and repair capacity in isolated lymphocytes of petrol attendants and unexposed subjects. Blood samples were taken from the petrol attendants at the end of their 8-h working shift and also from the unexposed subjects. The petrol attendants were found to be exposed to levels of petrol VOCs lower than the South African occupational exposure limit for constituent chemicals. A significant relationship was found between the volume of petrol sold during the shift and the average concentrations of benzene, toluene and the total VOCs measured. However, relative humidity had a negative correlation with the average concentrations of benzene, toluene, xylene and the total VOCs. Significantly higher basal DNA damage was observed with the exposed group compared to the unexposed group. The period of exposure influenced the level of DNA damage and the calculated repair capacity. Smoking and age had a significant influence on the level of DNA damage. DNA repair capacity was delayed in smokers of both exposed and unexposed group.
INTRODUCTION
Petrol (gasoline) is a complex mixture of low-molecular mass compounds, mainly paraffins, naphthenes, olefins and aromatics, which can cause mutations and cancer (Pitarque et al., 1997) . Aromatic compounds of petrol are predominantly benzene, toluene and xylene (BTX) (Periago et al., 1997) . Benzene, from a toxicological view, is the most hazardous component and has been classified as a human carcinogen by the International Agency for Research and Cancer (IARC, 1989) and the American Conference of Governmental Industrial Hygienists (ACGIH, 2008) . Although toluene and xylene are not classifiable as human carcinogens, their exposure can lead to neurological effects such as headache, dizziness, fatigue, tremors, incoordination, anxiety, impaired short-term memory and inability to concentrate (ATSDR, 2006 (ATSDR, , 2007 . The South African Occupational Health and Safety Act, 1993 (Act No. 85 of 1993 established regulations for hazardous chemical substances (South Africa, 1995) . South Africa has time-weighted average occupational *Author to whom correspondence should be addressed. Tel: þ27-18-299-2441; fax: þ27-18-299-2433; e-mail: Petrus.Laubscher@nwu.ac.za exposure limits (TWA-OELs) for these petrol volatile organic compounds (VOCs): benzene (16 mg m ). Workers can be exposed to relatively high levels of petrol vapours in petrochemical refineries and petrol service stations or to low levels of petrol vapours in the general population (Pitarque et al., 1997) . Previous studies done on exposure to VOCs for individuals with occupations associated with exposure to petrol vapour emissions yielded evidence that workers were exposed to significantly higher levels of aromatic hydrocarbons. In Italy, Periago et al. (1997) found that hydrocarbons were elevated in ambient air, and also that climatic conditions can increase the risk of exposure during shifts (Periago and Prado, 2005) . According to a study done in Thailand, service station attendants showed a more elevated exposure to benzene than any other occupation studied (Navasumrit et al., 2005) . However, all these studies were conducted in different countries, but no studies on the occupational exposure to petrol vapours have been done in black African petrol attendants.
Biological effects of DNA-damaging agents have been detected by the use of a number of techniques. Singh et al. (1988) developed a simple approach, the comet assay, for sensitive detection of DNA damage as well as the assessment of DNA repair in individual cells. Occupational exposure to lead was found to induce in vivo relevant biological effects according to a study by Fracasso et al. (2002) . This study confirmed previous observations of toxic effects of lead on lymphocytes. The comet assay reported in a study by Andreoli et al. (1997) showed a significant excess of DNA damage in circulatory lymphocytes of petrol attendants who were occupationally exposed to low benzene levels, compared to the age-matched reference group. In other studies, there is a lack of clear indication on the exposure levels at the workplace and, therefore, it is difficult to determine if the presence or absence of genetic damage can be associated with high or low levels of exposure.
This study, therefore, aims to characterize the personal exposure of petrol attendants to petrol VOCs during an 8-h working shift and also to analyse the occurrence of oxidative DNA damage and the level of DNA repair in peripheral lymphocytes of a group of African petrol attendants, and a paired group of unexposed subjects, using the comet assay. The results will be corrected for confounding factors such as age and smoking habits.
MATERIALS AND METHODS

Subjects investigated
A group of 20 petrol attendants (smokers and nonsmokers) from three different petrol stations at different locations within Potchefstroom were recruited for this study. These petrol stations were chosen on the basis of the volume of petrol sales per month. The unexposed group consisted of 20 healthy men. These subjects were matched for age and smoking habits with the experimental group. They had no history of occupational or recreational exposure to petrol vapours or any other suspicious genotoxicity agents. Health conditions and lifestyle factors were assessed by means of questionnaires.
All subjects gave informed consent prior to the study. Ethical approval for this study was obtained from the Ethics Committee of the North-West University (06M11).
Sampling strategy
Sampling conditions. All the petrol attendants were working at the time when the air as well as blood samples were collected. Samples were taken on a Friday which was considered the worst case since it was the day of the week on which the highest volumes of petrol are usually sold. Climate conditions (temperature, humidity and wind speed), work shifts and the volume of petrol sold were measured. The climate conditions were measured with the use of the Vantage Pro Weather station.
Work study. A work study was done on the experimental group which reflected the manner in which the individual poured petrol into the car's petrol tank and whether or not the individual was involved in any other tasks during car refuelling. The work study also showed the volume of petrol each attendant poured.
Air sampling. The National Institute for Occupational Safety and Health method 1501 was used to measure 8 h (full shift) personal exposure of petrol attendants with a few modifications (NIOSH, 2003) . Measurements of laboratory and field blanks were taken for quality control. The sampling train was prepared prior to each monitoring and each sampling pump was preand post-calibrated at a flow rate of 0.125 l min
À1
. After each sampling, the samples were sealed, kept at 4°C and sent for gas chromatography mass spectrometry (GC-MS) analysis at an accredited laboratory. The mass of every organic contaminant, as determined by the GC-MS analysis, was converted to TWA concentration in air.
Blood samples. Blood samples (6 ml) were drawn into heparin tubes by a qualified nurse at the end of the shift every Friday from the petrol attendants and throughout the week from the unexposed subjects. Each sample was capped, labelled and kept at 4°C before laboratory analysis at the end of each sampling period.
Genotoxicity studies
Lymphocyte preparation. Human peripheral blood lymphocytes were isolated from heparinized blood on Histopaque. The plasma was removed and kept frozen at À70°C for the free radical assay (d-ROMs) 654 G. S. Keretetse et al. and the antioxidant assay [ferric-reducing antioxidant power (FRAP)]. The isolated cells were washed twice with phosphate-buffered saline (PBS) and then re-suspended in 1000 ll PBS, vortexed and kept at 4°C for -1 h. Each sample contained $1000 cells. Comet assay. The comet assay was performed under alkaline conditions as described in a study by Van Dyk and Pretorius (2005) , with minor modifications. Briefly, 30 ll of the cell suspension was mixed with 90 ll low-melting point agarose at 37°C and evenly layered onto the microscope slides pre-coated with 300 ll high-melting point agarose. Slides were kept on ice to solidify and also to stop cell metabolism. The remaining cells were exposed to 40 ll H 2 O 2 (600 lM) for 10 min at 37°C. The exposed cells were washed with PBS, re-suspended in 280 ll Ham's F10 solution and incubated for 30, 60 and 90 min at 37°C. At each time point, an aliquot of cells was spread on the slides as described above. The slides were then immersed in chilled lysis buffer at 4°C and kept overnight. Thereafter, slides were placed in a horizontal electrophoresis tank containing freshly prepared and chilled electrophoresis buffer. The slides were left for 30 min to allow DNA unwinding and electrophoresis was then performed at 30 V and 300 mA at 4°C for 40 min. The slides were rinsed with double distilled water (ddH 2 O) and then placed in a neutralizing buffer for 15 min at 4°C. Staining of the slides was done with ethidium bromide. Photographs of the comets were taken with an Olympus IX70 Inverted system microscope (Â200 magnification). For each sample, a minimum of 50 comets were taken and the DNA tail intensity was determined under constant sensitivity with Comet Assay IV software (Perspective Instruments) and the data were processed in Microsoft Excel. The repair capacity was calculated as RC 5 1 À % tail DNA 60 min % tailDNA H 2 O 2 (Van Dyk and Pretorius, 2005) . Repair capacity was calculated at 60 min because in some of the exposed subjects, no comets could be automatically scored by the software at the 90-min time interval. The comets were classified into different classes according to the amount of DNA tail intensity (Giovannelli et al., 2002) : Class 0, 0-6%; Class 1, 6.1-17%; Class 2, 17.1-35%; Class 3, 35.1-60% and Class 4, .60%. For comets which could not be scored by the software due to having a very small head and a long tail, manual scoring was done, and an additional class for 'heavily damaged' cells was created to accommodate such comets (Van Dyk and Pretorius, 2005) .
Oxidative stress
Oxidative stress is a process in which the dynamic redox balance between oxidants and antioxidants is intensely shifted towards oxidative potentials (Serafini and Del Rio, 2004) . Analysis of oxidative stress and its relationship to antioxidant need are usually approached by two strategies. The first measures damage caused by free radicals and the second measures the antioxidant reserve or capacity.
Oxidative status assay. d-ROMs test. The oxidative status measuring mostly hydroperoxides present in serum was measured with the aid of an assay kit (d-ROMs test) from DIACRON International. Reagents were used as supplied in the d-ROMs test kit and the test was performed as described in the protocol with a few modifications according to Davis et al. (2007) . Absorbance changes were measured kinetically at 560 nm in 3 min intervals for 15 min using a Bio-Tek FL600 microplate reader. The concentration of hydroperoxides in the sample was expressed in Carratelli units (Carr U) (Iorio, 2002) .
Antioxidant capacity. FRAP. Plasma samples were prepared as discussed in 'Oxidative stress'. The ability of antioxidants in the sample to reduce the colourless ferric-trypyridyltriazine complex (TPTZ-Fe 3þ ) to its ferrous coloured form (TPTZ-Fe 2þ ) was measured following the method described by Benzie and Strain (1996) , with a few modifications. A standard series of 0-100 lM ferric sulphate (FeSO 4 ) was used for the assay. Plasma (15 ll) and ddH 2 O (85 ll) were added to the wells of a microtiter plate. Two hundred and fifty microlitres of FRAP reagent, consisting of a mixture of acetate buffer (300 mM NaAc3H 2 O), TPTZ (10 mM) and FeCl 3 (0.45 mg ml À1 ) in the ratio of 10:1:1, was added to standards and samples. The plate was read after 3 min (25°C) at 593 nm in a Bio-Tek FL600 microplate reader. Linear regression of data from the standards was used to calculate the antioxidant capacity (R 2 value -0.99 was linear).
The oxidative stress status can be determined as follows:
Oxidative stress status ratio 5 oxidative status antioxidant status
:
Statistical analysis
All data were statistically analysed using the computer software package StatisticaÓ version 7 (Statsoft Inc., Tulsa, OK, USA). Variables were tested for normality and non-normally distributed data were transformed into approximately normal distribution using logarithmic transformation. The Student's t-test was used to compare mean exposure levels. Spearman's correlation analysis was used to determine the correlation between the variables (level of DNA damaged, repair capacity and oxidative stress status) and the personal exposure and volume of petrol sold. The analysis of co-variance (ANCOVA) was used to test the statistical significance of the difference between the means of variables studied within the two groups adjusted for age and smoking status. Regression analyses were used to determine associations between variables.
RESULTS AND DISCUSSION Table 1 shows the demographic characteristics of the subjects studied (exposed and unexposed group). Seventy per cent of the subjects fall in the age group 25-35 years, with only 10% in the younger and 20% in the older group. The number of smokers (55%) was higher than the non-smokers (45%) in both groups. BTX forms an important group of aromatic compounds of petrol (Periago et al., 1997) and were chosen as target VOCs due to the carcinogenic properties of benzene (IARC, 1989; ACGIH, 2008) and the neurological effects of toluene and xylene (ATSDR, 2006 (ATSDR, , 2007 . The results of the personal exposure monitoring are given in Table 2 . Both the laboratory and field blanks were analysed for contamination and none was identified as there were no VOCs in the blanks. The mean values and standard deviations for BTX and total VOCs as well as the influential factors are shown for the whole sampling period. The exposure levels of BTX (0.65, 0.73 and 0.31 mg m
À3
, respectively) for the exposed population studied were much lower than the OEL values. Of the three VOCs, toluene yielded the highest exposure level (0.73 mg m
). Even at these low levels, exposure should be monitored and controlled as these levels can also have genotoxic effects (Hakkola et al., 2001; Franceschetti et al., 2005) .
A correlation was determined between BTX as well as the total VOCs and the varying climatic condition together with the volume of petrol sold for the whole sampling period. Table 3 shows a correlation study with P values ,0.05 and r values -0.4 or larger, for significant correlations. Logarithmic transformations were made for benzene, toluene and total VOCs due Non-smokers 9 9 to their skewed distribution. No log transformation was necessary for xylene as it was normally distributed. A significant relationship was found between the levels of exposure to benzene, toluene and total VOCs and the volume of petrol sold and relative humidity. This can be explained by the airstream saturated with petrol vapour which was evacuated from the car's petrol tank during petrol refilling. The volume of airstream evacuated is exactly equal to the volume of petrol pumped, thus the significant influence of volume of petrol sold. Xylene only showed a significant relationship with relative humidity. The volume of petrol sold showed a positive correlation with BTX and total VOCs, while relative humidity gave a negative significant correlation of À0.497, À0.453, À0.518 and À0.527 with BTX and the total VOCs, respectively. This implies that when the volume of petrol sold increases, the emissions of benzene, toluene and total VOCs increases, as shown by correlation coefficients of 0.436-0.651. A similar statistically significant increase was observed by Periago et al. (1997) between levels of aromatic compounds in the air and the volume of petrol dispensed. However, inexplicably, we found that an increase in relative humidity caused a decrease in BTX and the total VOCs concentration and vice versa. Temperature and wind speed showed no correlation with exposure levels studied. There were also no correlation between the volumes of petrol sold and relative humidity. Table 4 shows the regression analysis of the personal monitoring of the exposed group. In these regression models, with BTX and total VOCs as dependent variables and the presence of volume of petrol sold, temperature, relative humidity and wind speed used as independent variables, there was a good association with the four dependent variable log 10 (benzene), R 2 5 0.697; log 10 (toluene), R 2 5 0.588; xylene, R 2 5 0.702 and log 10 (total VOCs), R 2 5 0.721. Volume of petrol sold (P 5 0.0003) and relative humidity (P 5 0.001) showed a significant influence in the exposure levels of benzene. These two variables as well as temperature (P 5 0.112) and wind speed (P 5 0.647) explained the 69.7% of the variance in log 10 (benzene). With logarithm of toluene exposure, the volume of petrol sold (P 5 0.0002) and relative humidity (P 5 0.001) also showed a significant influence. Together with temperature (P 5 0.051) and wind speed (P 5 0.437), these four variables accounted for 58.8% of the variance in log 10 (toluene). Similarly, volume of petrol sold (P 5 0.0001) and relative humidity (P 5 0.0003) had a significant influence in the exposure of log 10 (total VOCs) and together with temperature (P 5 0.268) and wind speed (P 5 0.499) they accounted for 72.1% of the variance in the logarithm of total VOCs exposure. However, volume of petrol sold (P 5 0.014), relative humidity (P 5 0.001) and temperature (P 5 0.014) significantly influenced xylene exposure. Together with wind speed (P 5 0.511), these three variables accounted to 70.2% of the variance in xylene exposure. Therefore, volume of petrol sold and relative humidity significantly influenced the level of exposure, as was seen in Table 3 . Table 5 shows the effect of exposure to petrol VOCs on DNA damage, repair capacity and oxidative stress status. The parameter tail intensity was used to quantify the level of DNA damage (Collins, 2004) in lymphocytes of both the unexposed and exposed subjects. This parameter was used as it bears a linear relationship to DNA break frequency, is relatively unaffected by threshold setting and allows discrimination of DNA damage over the widest possible range (0-100% DNA in tail) (Collins, 2004) . DNA damage and oxidative stress status were not normally distributed and, therefore, log transformations for both were used. For all variables under comparison, the exposed group showed a tendency of higher values in comparison with the control group. However, only the level of DNA damage showed a significant difference between these groups (P , 0.05). Although the difference is very small, the exposed group had a better DNA repair capacity than the unexposed group. The comet analysis in studies by Andreoli et al. (1997) and Franceschetti et al. (2005) showed a significant degree of DNA damage in circulating lymphocytes of subjects occupationally exposed to low benzene levels, compared to agematched unexposed subjects.
The reference ranges of a study done on a group of healthy individuals were 343.01-838.38 lM FRAP units (mean, 565.38; n 5 81), while the d-ROMs values ranged from 238.41 to 741.21 Carr U (mean, 438.63; n 5 75) (F. H. van der Westhuizen, personal communication). Hydroperoxides (d-ROMs test) in the unexposed group studied varied between 208 and 555 Carr U, while the exposed group varied between 208 and 600 Carr U. There was no significant difference between the mean values of the two groups and the means of both groups were both within the given reference ranges. The FRAP values for the unexposed subjects were within the reference ranges, with only one subject having 332 lM FRAP units. Five of the exposed subjects had values below the given reference ranges. Comparing the mean FRAP values of both groups studied, the unexposed group had a higher value of 486.6 lM FRAP units compared to the exposed group with 393.95 lM FRAP units. It is possible that the antioxidant defences in the exposed group were overwhelmed by external factors such as environmental stressors and dietary intake. However, the compliance of the diet of subjects was not considered as it was not reliable. The exposure to petrol VOCs compromised the antioxidant capacity, which probably lead to increased oxidative stress in the exposed group. Figure 1 represents the mean DNA damage and repair values of the exposed group versus the unexposed group (n 5 20). Following exposure to petrol VOCs, basal DNA damage was measured before treatment of the cells with H 2 O 2 , directly after H 2 O 2 treatment and after incubation period of 90 min (30 min intervals). The basal DNA damage increased after H 2 O 2 treatment in both groups. A significant basal DNA damage (P , 0.05) was seen in the exposed group. DNA repair capacity of a cell was measured by inducing oxidative DNA damage with H 2 O 2 and then monitoring the rate at which the lesions repair (Collins, 2004) . In Fig. 1 , after H 2 O 2 removal, some repair took place for the subsequent 90 min incubation. This is also evident with the calculated repair capacity of 0.32 and 0.25 for the exposed and unexposed groups, respectively, as represented in Table 5 .
In Fig. 2 , analysis of the class distribution of comets (Giovannelli et al., 2002) in a subject representative of the average unexposed ( Fig. 2A) and exposed (Fig. 2B ) groups was done. In the unexposed group, the majority of comets were in Class 0 while for the exposed group they were distributed between Classes 0 and 1. Approximately 75% of the total DNA was still intact or slightly damaged in the unexposed group. The group exposed to petrol showed a moderate basal damage as indicated by the clustering of comets in Classes 1 and 2. However, it is clear from the results that oxidative stress by H 2 O 2 caused more DNA damage with the formation of Class 4 comets in both groups studied. Although Fig. 1 showed no significant difference between the two groups after additional oxidative stress, this distribution of comets showed an increased presence of Class 4 comets in the control group than in the exposed group. During the 90-min incubation period, Class 4 comets decreased substantially, with a concomitant increase in Class 0 comets. The abrupt increase in DNA damage observed at 60-min repair time (Fig. 2B ) may be due to the mechanisms of nucleotide excision repair. Firstly, recognition of the DNA lesion occurs and DNA unwinding is performed by the transcription factor. After damage recognition and the formation of an open complex, excision of the lesion is carried out by dual incision at defined positions flanking the DNA damage. The arising DNA gap is then filled in by DNA polymerase and sealed by DNA ligase (Christmann et al., 2003) . Thus, continued repair can be seen in the subsequent 30-min repair time. This distribution of comets showed some repair since at 90-min repair time, 40% of the comets were in Class 0 while Class 4 comets were reduced to 14% in the exposed group. A similar pattern of comets distribution was seen at 90-min repair time in the unexposed group ( Fig. 2A) with 56% of the comets in Class 0 and 20% in Class 4. According to the correlation study depicted in Table  6 , only DNA damage and oxidative stress status showed significant correlations with the volume of petrol sold and personal exposure, respectively. No correlations were found with the calculated repair capacity. Figure 3 represents the effect of period of exposure on DNA damage and repair in lymphocytes of petrol attendants. These were also compared to the average of the unexposed group. The exposed subjects were divided into four categories (,1, 1-3, 5-10 and .10 years) according to the period of exposure to petrol. Subjects exposed for .10 years showed the highest level of basal DNA damage, while those exposed for less than a year had minimal DNA damage. Additional oxidative stress caused an increase in DNA damage in all groups studied. Subjects exposed for less than a year showed a similar tendency to the unexposed group, although the basal damage was slightly higher than the control group. The addition of H 2 O 2 caused an increase in tail intensity by 30%; however, the damage was lower than the other compared groups. A similar pattern was observed in the group exposed for 1-3 years. Both subjects exposed for 5-10 years and more had the greatest Fig. 2 . Distribution of comets in different classes when classified according to Giovannelli et al. (2002) . (A) For unexposed subjects and (B) for exposed subjects. Fig. 1 . Basal DNA damage and repair in lymphocytes of unexposed (black) and exposed (grey) subjects indicated by mean -standard deviation. * and # indicate statistical significant differences between the exposed and unexposed groups, respectively. Correlations statististically significant at P , 0.05. Fig. 3 . Effect of period of exposure on DNA damage and repair in lymphocytes of petrol attendants and the unexposed group.
DNA damage and repair in lymphocytes of African petrol attendants 659 oxidative damage after treatment with H 2 O 2 . There was an abrupt initial repair which can be seen by the steep slope during the first 30 min after oxidative damage (H 2 O 2 ) in the exposed groups. However, in the groups exposed for .1 year, this repair could not be maintained for the whole 90-min repair time given. In contrast, the slope of the unexposed group and to some extent the group exposed for ,1 year gradually decreased and repair was maintained for the whole repair time given. It can be deduced that DNA repair could not be maintained in the groups exposed for longer periods because the exposure to petrol VOCs inhibited the repair of single-strand breaks in the initial repair process. Therefore, due to such long periods of exposure, DNA repair was compromised. This is also observed with the mean calculated repair capacity of 0.29 in subjects exposed for .10 years and 0.46 in those exposed for less than a year (data not shown).
An ANCOVA was used to test the statistical significance of the difference between the means of the variables studied (the level of DNA damaged, repair capacity and oxidative stress status) and the two groups adjusted for age and smoking status in Table 7 . The results as summarized in Table 7 show no statistical significance, except for the level of DNA damaged (P , 0.05). Therefore, age and smoking only have an influence in the level of DNA damage and no effect on repair capacity and oxidative stress status. However, in a study by Andreoli et al. (1997) , no significant association was found between DNA damage and either age or smoking. The narrow age range and the small number of smokers used in this study may explain this contradiction. Table 8 represents the regression analysis of the effect of age, petrol exposure and smoking on the level of DNA damage and repair as well as oxidative stress status of the exposed group (petrol attendants). In this regression model, the level of DNA damaged, repair capacity and oxidative stress status were used as dependent variables and the age, petrol exposure and smoking status of the petrol attendants as independent variables. There was a good association with the three dependent variables (DNA damage, R 2 5 0.154; repair capacity, R 2 5 0.421 and oxidative stress status, R 2 5 À0.088) (data not shown). Petrol exposure (P 5 0.041) showed a significant influence in the level of DNA damaged, while age (P 5 0.887) and smoking (P 5 0.623) had no significant influence. These three variables explained the slight variance of 15.4% in the level of DNA damaged. Both age (P 5 0.597) and petrol exposure (P 5 0.601) had no significant influence on repair capacity, only smoking (P 5 0.002) showed a significant influence. These variables accounted for 42.1% of the variance in the repair capacity. No significant influence was indicated for the oxidative stress status since the R 2 value was À0.08. Andreoli et al. (1997) found no correlation between the extent of DNA damage and the ages or smoking habits of the subjects. However, a study done by Fracasso et al. (2006) demonstrated that active and ex-smokers displayed significantly high levels of basal DNA damage associated with a decrease in DNA repair capacity compared to never-smokers. Other authors also associated cigarette smoke to higher DNA damage and slower or inhibited DNA repair kinetics (S xardas et al., 1997) . Figure 4 shows the effect of smoking on DNA damage and repair in both groups studied. There was a higher basal DNA damage in smokers compared to non-smokers in the unexposed group (Fig. 4A) . Even though basal DNA damage was significantly higher (P , 0.05) in the exposed group (Fig. 4B) , when compared to the unexposed group, no difference was seen between smokers and non-smokers. Additional oxidative stress caused a further increase in DNA damage of smokers and non-smokers in both the exposed and unexposed groups. Smokers in both groups showed delayed repair capacity in the 90-min repair time given. In the unexposed group, smokers showed some DNA repair which later reached a plateau in the last 60-min repair time, while non-smokers showed a possibility of repair (although very slow), if given more time to repair. The exposed group had a more abrupt DNA repair pattern during the first 30 min. The smokers in this group had a sudden increase in tail intensity during the 60-min repair time which resembled that of oxidative damage. This increased DNA damage subsequently decreased again after further 30-min repair time. However, the non-smokers maintained a constant level of tail intensity with some decrease in the last 30-min repair time. This showed possible further DNA repair, given enough time. These findings confirm the results of a regression analysis (Table 8) where smoking had a significant influence on the calculated DNA repair capacity.
CONCLUSIONS
The results of the occupational exposure of petrol attendants to petrol VOCs obtained in this study were lower than the South African OELs. Nevertheless, such exposures should be carefully monitored and kept under control because of their possible neurotoxic and carcinogenic effects (IARC, 1989; ACGIH, 2008) . Exposure to these low levels resulted in increased levels of DNA damage and decreased DNA repair capacity. These results are similar to those obtained in other countries (Andreoli et al., 1997; Franceschetti et al., 2005; Navasumrit et al., 2005; Roma-Torres et al., 2006) . The antioxidant capacity decreased in the group exposed to petrol VOCs. This decrease in antioxidant capacity can contribute to a state of oxidative stress, which can cause oxidative damage to proteins, lipids and DNA. The exposure to petrol VOCs compromised the antioxidant capacity, which probably leads to increased oxidative stress in the exposed group. Age and smoking both had a significant effect on the level of DNA damage. Furthermore, smokers had a decreased repair capacity while non-smokers maintained a low level of DNA damage and possibility of continued repair. Another factor which influenced the level of DNA damage was the period of exposure to petrol VOCs. Subjects exposed for longer periods had the highest level of DNA damage and a compromised DNA repair process. This warrants further study of the repair process of damaged DNA. Due to the small size of the study, a further investigation involving a larger group of subjects is necessary to yield a broader spectrum of the effects of exposure to petrol VOCs. The use of other methods in conjunction with the comet assay will enhance the ability of the comet assay in determining the effects of chronic exposure to low levels of petrol VOCs. The possible influence of confounding factors (such as diet and smoking) on results must also be kept in mind. Fig. 4 . Effect of smoking on DNA damage and repair in lymphocytes of unexposed subjects (A) and exposed subjects (B). Smokers (black) and non-smokers (grey).
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